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ORIGINAL ARTICLE
Tuberculosis (TB) persists as a major cause of
human mortality and morbidity, affecting al-
most a third of the world’s population.1 Sputum
microscopy and sputum culture has been advo-
cated as two useful diagnostic tools for pulmonary
TB. However, only a few TB-control programs 
in low-income countries have access to culture
facilities in their primary-care diagnostic centers.
Moreover, culture for acid-fast bacilli (AFB) takes
6–8 weeks to be interpretable, which limits the
usefulness of culture as a first-line diagnostic test.
Under these circumstances, sputum smear exam-
ination for AFB is the most useful diagnostic test
for pulmonary TB.
Predictors for Identifying the Most Infectious
Pulmonary Tuberculosis Patient
Chuan-Sheng Wang,1,2 Huang-Chi Chen,1,2 Inn-Wen Chong,2 Jhi-Jhu Hwang,2 Ming-Shyan Huang2*
Background/Purpose: Clinicians need to decide whether to begin isolation and empiric therapy for 
patients suspected of having infectious tuberculosis (TB). This study aimed to identify the demographic,
clinical and radiographic characteristics of acid-fast bacilli (AFB) smear-positive patients and to create a
smear-positive TB prediction rule, which clinicians may use to predict risk.
Methods: This was a retrospective study involving 105 patients with AFB smear-positive TB and 52 patients
with AFB smear-negative TB at Kaohsiung Municipal Hsiao-Kang Hospital in southern Taiwan from
August 1, 2003 to July 31, 2006. All of the patients had at least one sputum culture that was positive for
Mycobacterium tuberculosis. Demographic, clinical and radiographic data of patients with AFB smear-positive
TB were compared to those of patients with AFB smear-negative TB.
Results: On univariate analysis, young age (p = 0.033), alcoholism (p = 0.036), weight loss (p = 0.003),
fever (p = 0.018), consolidation (p = 0.001), infiltration (p = 0.012), cavitary pattern (p = 0.005), right upper
lung field (p < 0.001) and left upper lung field (p = 0.001) lesions on chest radiographs were found to be
predictive of smear-positive TB patients. In contrast, end-stage renal disease (p = 0.035) and normal chest
radiograph (p = 0.006) were predictive of smear-negative TB patients. On multivariate analysis, age less
than 65 years (p = 0.004), fever (p = 0.004), right upper lung field (p = 0.044), left upper lung field (p =
0.041), consolidation (p = 0.018) and cavitary (p = 0.049) lesions on chest radiograph were independently
associated with an increased risk of an AFB positive smear finding. The smear-positive TB prediction
model was created based on the results of the multivariate analysis that had an area of 0.788 under the 
receiver operating characteristic curve.
Conclusion: The smear-positive TB prediction model may help clinicians decide if a patient with pending
sputum smear results should first be placed in isolation and empiric anti-tuberculous therapy started. 
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Infectivity is closely related to sputum smear
status.2,3 Researchers in countries with low pul-
monary TB prevalence have suggested that smear-
negative TB poses less of a threat to public health
than smear-positive pulmonary TB on the basis
of its low infectivity potential, lesser extent of
disease, and good prognosis even without treat-
ment.4 The relative transmission rate from smear-
negative patients compared to smear-positive
patients is only 22%.5 Patients with negative
sputum smears are not routinely placed in respi-
ratory isolation even though they may transmit
TB. This is because smear-negative cases are less
infectious than those who are smear-positive, 
reflecting the number of viable bacilli expecto-
rated.5–8 Resources should not be allocated to
isolation and investigation if there is little chance
that transmission can occur.9 The implications
are perhaps greater in low-income countries.
Therefore, patients with AFB-positive smear are
the most infectious cases and should be isolated
and treated earliest.
Many experts are convinced that prompt recog-
nition and effective isolation of patients with in-
fectious pulmonary TB should be a high priority
in TB control policies.10–14 However, systematic
isolation places a high financial burden on hos-
pitals, as effective respiratory isolation requires a
single-bed room with negative pressure ventila-
tion and respiratory precautions. Current guide-
lines have also resulted in many patients at low
risk for TB being isolated unnecessarily.15–18 Thus,
the present strategy of systematic isolation results
in the mismanagement of many patients and
generates unnecessary expense for hospitals.
Smear-positive patients have different clinical
and radiographic findings than smear-negative
patients. We investigated the predictors of TB in
smear-positive patients in southern Taiwan be-
cause these predictors may be quite different from
those reported in other countries. The objective
of this study was to identify predictive factors for
smear-positive patients and develop a predictive
model that can enable prompt recognition and
isolation of smear-positive patients among those
suspected of having pulmonary TB.
Methods
Study setting and patients
This study was conducted at Kaohsiung Munici-
pal Hsiao-Kang Hospital, which is a 500-bed,
university-affiliated teaching hospital that serves
as a tertiary referral center and a primary-care 
facility in southern Taiwan. From retrospective
review, 157 consecutive adult patients with pul-
monary TB detected in the period from August 1,
2003 to July 31, 2006 were selected. Cases were
identified from the hospital coding system and
microbiology department records. Patients were
excluded if they were younger than 18 years or
were not Taiwanese. The diagnosis of pulmonary
TB was based on at least one sputum culture that
was positive for Mycobacterium tuberculosis. This
study was reviewed and approved by the human
experiment and ethics committee of Kaohsiung
Municipal Hsiao-Kang Hospital.
Three sputum samples per patient were ob-
tained by spontaneous morning expectoration.
All sputum smears were concentrated and stained
with Ziehl-Neelsen stain by trained microbiol-
ogy technicians. Each sputum sample was pre-
pared in Löwenstein-Jensen culture medium and
Middlebrook 7H11 selective agar and maintained
for at least 8 weeks to detect the presence of
growing organisms.
All of the patients had a medical chart, micro-
biology results, and chest radiograph (CXR). The
initial CXRs taken when patients first visited hos-
pital were independently reviewed by two external
chest physicians, both of whom were unaware of
the patient’s clinical data. Differences were then
reviewed and judged by a third external chest
physician. The chart reviewer was blinded to the
sputum-smear status of the patient. Culture results
and initial smear interpretation of each sputum
sample were verified.
Study design and data collection
A retrospective study design was used to evaluate
potential predictors of TB in smear-positive pa-
tients. Demographic information included age,
sex and body weight. We recorded risk factors for
TB infection and disease, including a history of
pulmonary TB infection, exposure to an individ-
ual with TB, alcoholism, illegal drug use, long-
term glucosteroid use, immunosuppressive drug
use and other comorbidities associated with TB,
such as diabetes, end-stage renal disease, cancer,
human immunodeficiency virus infection, silicosis,
and gastrectomy.
Initial presenting symptoms before patients
first visited hospital included the presence of
cough, expectoration, hemoptysis, weight loss,
fever, night sweats, anorexia, fatigue, chest pain,
and dyspnea. Patients were considered to have
positive cough, expectoration, fever, night sweats,
anorexia, fatigue and dyspnea if these symptoms
were present for 2 weeks or more; less than this
was coded as negative for the analysis. Weight
loss was defined as positive if it was greater than
10% of the body weight within the last 6 months.
Fever was defined as a body axillary temperature
above 37.5°C. Hemoptysis was recorded as positive
if it occurred even once.
The CXR results were categorized in terms of
the involved field and the pattern of involve-
ment. The involved field was categorized as right
upper, right lower, left upper, and left lower lung
fields. An upper lung field lesion was defined as
the presence of any lesion above an imaginary line
traced across the hila on a standard posteroante-
rior CXR. The radiologic pattern was categorized
as normal, nodular, consolidation, infiltration,
cavitary, atelectatic, or pleural effusion.19 “Normal”
pattern is defined as the absence of any abnor-
mal lesion on CXR. “Nodular” pattern is defined
as any pulmonary lesion by a sharply defined,
discrete, nearly circular opacity 2–30 mm in di-
ameter. “Consolidation” pattern is defined as an
essentially homogeneous opacity in the lung char-
acterized by little or no loss of volume, efface-
ment of blood vessel shadows, and sometimes by
the presence of an air bronchogram. “Infiltration”
pattern is defined as any poorly defined linear
opacity in the lung. “Cavitary” pattern is defined
as a lucent area within the lung that may or may
not contain a fluid level and that is surrounded
by a wall, usually of varied thickness. “Atelectatic”
pattern is defined as any pulmonary lesion of di-
minished volume affecting all or part of a lung,
which may or may not include loss of normal 
lucency in the affected part of the lung. “Pleural
effusion” is defined as a uniform opacity which
extends up from the costophrenic angle in an
erect film. The upper margin will be concave un-
less air is present. If air is present in the pleural
cavity, there is a horizontal fluid level with clear
demarcation. Ultrasound was used to confirm
pleural effusion later.
Statistical analysis
Univariate comparisons between smear-positive
patients and smear-negative patients were per-
formed using the χ2 test and Fisher’s exact test for
categorical variables and Student’s t test for contin-
uous variables where appropriate. All of the tests
of significance were two sided and a p value of less
than 0.05 was considered statistically significant.
Variables that were found to be significant in
univariate analysis were included in a logistic re-
gression model and eliminated one by one in a
reverse fashion. Based on the results of multivari-
ate analysis, in order to develop a model with the
strongest relationships, a prediction model was
proposed. Clinical and radiologic data easily avail-
able to the physician were assigned weights on
the basis of the results of the multivariate analy-
sis in order to quantify the risk of the most infec-
tious form of TB (smear-positive pulmonary TB)
in an individual patient.
The Wilcoxon rank sum test was used to detect
the rank difference in smear-positive TB predic-
tion score between smear-positive patients and
those negative for pulmonary TB. The sensitivity
and specificity of the model for predicting smear-
positive pulmonary TB in the study population
was determined for each score value. Following
stratification, performance of the TB prediction
model in the study population was assessed using
the receiver operating characteristic (ROC) curve,
where we calculated the area under the ROC
curve for the prediction model.20,21 All analyses
were performed using SPSS version 12.0 (SPSS
Inc., Chicago, IL, USA).
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Results
Of the 157 culture-proven pulmonary TB patients,
105 were smear-positive (66.9%). Baseline de-
mographic and clinical characteristics of smear-
positive and smear-negative TB patients are shown
in Table 1. Approximately 75% of the patients were
male. Smear-positive TB patients were younger
than smear-negative TB patients (mean age,
57.49 ± 18.16 vs. 63.94 ± 16.73 years; p = 0.033).
There were no statistically significant differences
between the two groups regarding sex, body weight,
history of pulmonary TB infection, exposure to an
individual with TB, diabetes and cancer. Alcoholism
was a predictive factor of smear-positive TB pa-
tients (p = 0.036). In contrast, end-stage renal dis-
ease was a predictive factor of smear-negative TB
patients (p = 0.035). No patient had risk factors
for TB infection and disease, including illegal
drug use, long-term glucosteroid use, immuno-
suppressive drug use, human immunodeficiency
virus infection, silicosis and gastrectomy.
Clinical symptoms in smear-positive and smear-
negative TB patients are described in Table 2. The
factors predictive of smear-positive TB patients
were weight loss (p = 0.003) and fever (p = 0.018).
There were no statistically significant differences
between the two groups in terms of the presence
of cough, expectoration, hemoptysis, night sweats,
anorexia, fatigue, chest pain, and dyspnea.
The involved lung fields on CXR are shown in
Table 3. Upper lung field predominance was the
strongest predictive factor for smear-positive TB,
regardless of laterality (p < 0.001 for right upper
Table 1. Demographic and clinical characteristics*
Smear-positive TB Smear-negative TB
p
(n = 105) (n = 52)
Age, yr 57.49 ± 18.16 63.94 ± 16.73 0.033
Male sex 79 (75.2) 39 (75.0) 0.974
Body weight, kg 54.33 ± 13.47 56.39 ± 9.14 0.280
History of pulmonary TB infection 13 (12.4) 10 (19.2) 0.253
History of exposure to an individual with TB 7 (6.7) 1 (1.9) 0.272
Alcoholism 13 (12.4) 1 (1.9) 0.036
Diabetes 33 (31.4) 16 (30.8) 0.933
End-stage renal disease 0 (0) 3 (5.8) 0.035
Cancer 6 (5.7) 4 (7.7) 0.731
*Data are presented as mean ± standard deviation or n (%). TB = tuberculosis.
Table 2. Clinical symptoms*
Smear-positive TB (n = 105) Smear-negative TB (n = 52) p
Cough 98 (93.3) 44 (84.6) 0.091
Expectoration 78 (74.3) 34 (65.4) 0.246
Hemoptysis 16 (15.2) 8 (15.4) 0.981
Weight loss 43 (41.0) 9 (17.3) 0.003
Fever 35 (33.3) 8 (15.4) 0.018
Night sweats 8 (7.6) 3 (5.8) 1.000
Anorexia 24 (22.9) 10 (19.2) 0.604
Fatigue 8 (7.6) 4 (7.7) 1.000
Chest pain 14 (13.3) 5 (9.6) 0.501
Dyspnea 23 (21.9) 16 (30.8) 0.226
*Data are presented as n (%). TB = tuberculosis.
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field vs. p = 0.001 for left upper field). However,
lower lung field involvement was not statistically
significant between the two groups.
The patterns on CXR are shown in Table 4.
Normal CXR was a predictive factor of smear-
negative TB (p = 0.006). In contrast, consolidation
(p = 0.001), infiltration (p = 0.012) and cavitary
(p = 0.005) patterns were predictive of smear-
positive TB. Moreover, the proportion of patients
with nodular, atelectatic and pleural effusion
patterns was not significantly different between
the two groups.
In the multivariate analysis, age less than 
65 years (p = 0.004), fever (p = 0.004), right upper
field (p = 0.044), left upper field (p = 0.041), con-
solidation (p = 0.018) and cavitary (p = 0.049)
lesions on CXR remained independently signifi-
cant predictive factors (Table 5). Each of the six
significant multivariate predictors was given a
point score based on the results of the multivari-
ate analysis. Using the six variables that were 
associated with the risk of smear-positive TB in
multivariate analysis, we created a smear-positive
TB prediction score to help distinguish between
smear-positive and smear-negative patients.
Using such a scoring system, each patient from
this study was evaluated for the presence of each
predictor and given a score. Table 6 displays the
Table 3. The involved field on chest radiograph*
Smear-positive TB (n = 105) Smear-negative TB (n = 52) p
Right upper field 86 (81.9) 25 (48.1) < 0.001
Right lower field 57 (54.3) 29 (55.8) 0.860
Left upper field 76 (72.4) 23 (44.2) 0.001
Left lower field 51 (48.6) 30 (57.7) 0.282
*Data are presented as n (%). TB = tuberculosis.
Table 4. Radiologic patterns on chest radiograph*
Smear-positive TB (n = 105) Smear-negative TB (n = 52) p
Normal 2 (1.9) 7 (13.5) 0.006
Nodular 53 (50.5) 20 (38.5) 0.155
Consolidation 90 (85.7) 32 (61.5) 0.001
Infiltration 96 (91.4) 40 (76.9) 0.012
Cavitary 46 (43.8) 11 (21.2) 0.005
Atelectatic 11 (10.5) 6 (11.5) 0.840
Pleural effusion 16 (15.2) 10 (19.2) 0.526
*Data are presented as n (%). TB = tuberculosis.
Table 5. Independent predictive factors of smear-positive tuberculosis
Parameter estimate (β) SE of β p OR Score of points
Age < 65 yr 1.267 0.438 0.004 3.551 1
Fever 1.588 0.545 0.004 4.894 1
Right upper field 0.936 0.464 0.044 2.551 1
Left upper field 0.872 0.426 0.041 2.391 1
Consolidation lesion 1.295 0.549 0.018 3.650 1
Cavitary lesion 0.923 0.468 0.049 2.518 1
SE = standard error; OR = odds ratio.
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number of each score for the smear-positive and
smear-negative TB patients. The sum of the scores
between smear-positive and smear-negative TB pa-
tients was tested by Wilcoxon rank sum test and
the result showed that smear-positive TB patients
had higher scores.
A ROC curve, which plotted the false-positive
rate against the true positive rate for each possible
cut-off for a diagnostic test, had an area under
the curve of 0.788 for our prediction model
(Figure). A perfect diagnostic test with 100% sen-
sitivity and specificity would have an area under
the curve of 1.0. The ROC curve derived from this
model identified 3 as the ideal threshold, with a
sensitivity of 95.2%, a specificity of 50.0%, and a
positive predictive value of 79.4% in the study.
Discussion
Microscopic examination of sputum smear for AFB
is used widely throughout the world as a diagnos-
tic test for suspected pulmonary TB. The finding
of AFB in sputum establishes a presumptive di-
agnosis and indicates that the patient is capable
of transmitting the infection. Conversely, when
making decisions regarding isolation and public
health management, the absence of AFB from
sputum smears has been used as an indication
that such a patient is relatively less infectious.2–8
We developed a decision rule that allows physi-
cians to assess smear-positive TB risk. We used a
retrospective study design to identify the clinical
and chest radiographic findings that were associ-
ated with the presence of smear-positive TB, and
these findings were then used to construct a deci-
sion rule. The resulting rule is composed of six
independent predictive variables: age less than
65 years (p = 0.004), fever (p = 0.004), right upper
field (p = 0.044), left upper field (p = 0.041), con-
solidation (p = 0.018) and cavitary (p = 0.049)
lesions on CXR. When applied to the study pop-
ulation, the decision rule had a sensitivity of
95.2% and a specificity of 50%. The sensitivity,
specificity and positive predictive value are supe-
rior to the results of previous studies.18,22–25
Based on these results, we built a predictive
model using readily available clinical and CXR
data, which would help physicians in evaluating
the probability of smear-positive pulmonary TB
and in deciding about isolation. The aim of this
model was to allow adequate respiratory isola-
tion of the most infectious TB patients, with an
acceptable degree of unavoidable over-isolation.
The hypothetical accuracy of this model in pre-
dicting smear-positive pulmonary TB in the study
population (95.2% sensitivity, 50.0% specificity)
is encouraging and supports the usefulness of
such a model in improving the current respiratory
isolation policy. Infection control policy that in-
corporates the prediction model could decrease
the frequency of unnecessary episodes of isola-
tion, thereby reducing the cost of hospitalization.
The lack of specific criteria has resulted in the 
Table 6. Smear-positive tuberculosis (TB) prediction
score
Score of points
Smear-positive Smear-negative
TB TB
0 0 5
1 3 12
2 2 9
3 36 13
4 37 12
5 25 1
6 2 0
Total 105 52
1.00
0.75
Se
ns
iti
vi
ty
0.50
0.25
0.00
0.00 0.25
1 — Specificity
0.50 0.75 1.00
Figure. Smear-positive tuberculosis prediction model: the
receiver operating characteristic curve in this study.
delayed isolation of patients with TB and the 
unnecessary isolation of many patients at low
risk for the disease. This pattern could be par-
tially corrected if patients who require isolation
were more accurately identified.
Decreasing the number of patients with a low
likelihood of TB who are unnecessarily isolated
may reduce hospital costs. These costs, estimated
to be as high as US$200 per episode of respira-
tory isolation,26,27 include the costs of diagnostic
tests (AFB smears and cultures), personal protec-
tion masks, and personnel and environmental con-
trol measures.26–29 Thus, approximately US$5000
was spent per case of TB identified during the
study. These estimates are still conservative be-
cause costs of prolonged hospitalization, as well as
indirect medical costs (including lost workdays),
have not been considered.
Conversely, if many patients with the most
infectious TB are missed, the costs associated with
late treatment and contact investigation may off-
set these savings. Of the culture-positive/AFB
smear-positive patients in this study, five had
scores lower than 3. Because the five patients with
scores lower than 3 had the most infectious TB,
further diagnostic tests (e.g. additional AFB smears,
aerosol-induced sputum testing, nucleic acid am-
plification testing30 and fiberoptic bronchoscopy
in selected cases31,32) should be performed before
isolation is discontinued to avoid exposure of
health care personnel and other patients. Formal
economic analyses should evaluate the impact of
implementing an isolation policy that incorpo-
rates the prediction model.
Our study had some methodologic limitations.
We did not attempt to evaluate the reliability or
reproducibility of the predictor variables. The true
test of its usefulness will be whether it reduces
the number of patients without infectious TB who
are isolated without increasing disease transmis-
sion, which will require acceptance of the deci-
sion rule by physicians and institutions. Also, all
of the patients participating in the study were 
located in southern Taiwan. Because the demo-
graphic and clinical characteristics of patients
with TB may be different in other geographic
areas, the model should be validated in other
settings before it can be implemented in clinical
practice. Moreover, the prediction model was not
validated in patients younger than 18 years. There-
fore, it should be used only to guide decisions
about the isolation of adult patients. In addition,
because culture-negative TB patients have the least
infectivity corresponding to unnecessary episodes
of respiratory isolation and may not have “true”
TB infection, e.g. nontuberculous mycobacterium
infection, culture-negative TB patients were ex-
cluded in this study even though clinicians do
not only face culture-positive TB patients at out-
patient services. Lastly, the prediction model has
not yet been demonstrated to have an impact on
cost-effectiveness. Future studies should formally
evaluate the benefits and potentially unwanted
consequences of using the prediction model.
Despite the aforementioned restrictions, im-
proving the accuracy of the isolation policy would
lead to more cases of correct isolation of more
infectious TB patients and saving of hospital re-
sources. The prediction model should be vali-
dated prospectively in various populations of
patients with suspected pulmonary TB in order
to determine if and how it may be routinely used
by physicians to improve the adequacy of current
respiratory isolation policies.
In conclusion, our study has identified the
clinical characteristics of patients with the most
infectious form of TB, those harboring the largest
number of organisms, with AFB found by micro-
scopic examination of stained sputum (AFB smear
positive). The study showed that the prediction
model is sensitive in identifying patients with
the most infectious TB and has the potential to
reduce the number of unnecessary episodes of res-
piratory isolation. Implementation studies should
be performed to assess the actual impact of the
rule on clinical practice.
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